In order to ensure an acceptable quality even at the highest spinning or weaving speeds, tensile instruments and testing conditions have to be improved. Therefore, a new high-speed dynamometer and a new method to subject yarns at strain rates similar to those found in current textile operations have been developed. This high-speed dynamometer has then been used to investigate the influence of high strain rates on tensile properties and fracture morphology of a technical viscose multifilament yarn.
Introduction
The yarn in many textile operations is subjected to sudden stresses at high stress induced speeds, for instance during the insertion of weft, whether by projectile or air jet, the yarn has to stand accelerations many thousands times greater than that due to gravity [1] . The conventional standard tensile testing cannot cope with such stresses because the maximum speed only reaches a few millimetres per second. The unique available commercial exception is Uster Tensojet. However, this high-speed dynamometer shows some important shortcomings. In fact, Tensojet measures only tenacity and extension at break, tensile tests are limited to spun yarns, gauge length can only be set at 0.5 m and speeds are fixed at 50, 100, 200 and 400 m/min. In order to overcome such restrictions, a new high-speed dynamometer (HSD) have been developed, which adds speed up to 2400 m/min, tests both filament and spun yarns, gauge length can be set from 0.25 to 1.40 m and measures a wide range of tensile properties [2] . The global measurement system is composed of a computer, the high-speed dynamometer itself, a charge amplifier and an oscilloscope ( Fig. 1 ). Higher speeds produce higher strain rates and it is well known that the strain rate increasing alters the time to break during loading and influence the yarn tenacity and breaking extension. Previous studies on filament yarns have shown that a rapid straining results usually in a higher breaking load [3, 4] . Nevertheless, in many of those investigations the test length of the yarn under examination does not conform to that required by standard tensile test. Thus, the purpose of this paper is to show how strain rate affects tensile properties, but assuring the following conditions [5] . First of all, the yarn test length is always constant and conforms to standard test. Secondly, the breakage of the yarn only takes place when the required acceleration of the yarn has been completed. The importance of yarn strength is well recognised, but until recently not much was known about the way in which filaments or fibres break. The scanning electron microscopic has allowed investigating the influence of strain rate on the fracture morphology of viscose filament yarn. The understanding of the way in which filaments are breaking down under tensile load can be a great help to the thinking of the product engineer and even an important tool in the analysis of the pathology of the product failure. 
Experimental
The tensile tests were carried out on a technical viscose multifilament yarn, which is used in engineering applications such as ropes, conveyor belts and tires. This yarn has a linear density of 184 tex, it is composed of 1000 filament and untwisted. All tested specimens are akin to the same yarn sample.
Tensile tests were performed on our new high-speed dynamometer at T = 20 ± 2 °C and RH = 65 ± 2 %. The yarn gauge length was held fixed at 500 mm and strain rates up to 2300 %/s were used. The mean yarn properties reported (initial modulus, tenacity, extension and energy-to-rupture) are the average of thirty yarn breaks. All CV% were lesser than 7%. The fracture morphology of viscose yarn broken ends in tensile tests was characterized using the scanning electron microscope (SEM) Hitachi S2360. Although viscose filaments are moderate conductors, they become insulators when dried out in the vacuum chamber of the SEM and therefore charge up in the electron beam. In order to overcome this problem, the specimen was previously coated with a thin layer of gold using the Polaron E5100.
Results and Discussion
Tensile tests carried on the viscose filament yarn so to analyze the influence of the strain rate on tenacity-extension curves, as well as on tensile properties, such as initial modulus, tenacity, extension and energy-to-rupture [6] . The relation between the yarn modulus and the strain rate is shown in Figure 2 . As the strain rate increases, the initial modulus also increases for the viscose filament yarn. The results are similar to that of Hall [3] and Meredith [7] for viscose yarns. As shown in Figure 3 , the yarn breaking tenacity increases linearly with the logarithm of the strain rate. These results fit the findings of Meredith [7] and Holden [8] for the same kind of yarn. Figure 4 shows that the breaking extension increases only for very high strain rates. Although earlier investigations [9, 10] on viscose yarns stated that the breaking extension was independent of the strain rate, Meredith [7] results had already contradicted such finding too. The results obtained within this range permit to corroborate such influence when very high strain rates are reached. 
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Breaking tenacity (cN/tex) Fig. 2 . Modulus vs. log 10 of strain rate. Fig. 3 . Breaking tenacity vs. log 10 of strain rate. 
Energy-to-rupture (mJ) Fig. 4 . Breaking extension vs. log 10 of strain rate. Fig. 5 . Energy-to-rupture vs. log 10 of strain rate.
As shown previously, the load required to produce a given extension increases with strain rate. On the other hand, the breaking extension does not reduce, on the contrary. This will tend to cause the growth of the energy-to-rupture with increasing strain rate for the entire range investigated (Fig. 5) . Moreover, the filament fracture morphology has been analyzed using the Scanning Electron Microscope. Figure 6 illustrates a filament break on a classical dynamometer at a very low strain rate and The photomicrographs of the fracture zones show that all filaments break to give a granular surface run more or less perpendicularly across the filament, with bundles of fibrils projected above the main fracture surface [11] . However, the sharpness of surface granulation decreases at high strain rates.
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At low strain rate, there is evidence of ductile crack propagation with a V-notch leading to catastrophic failure. However, the same rather granular sort of texture is found on the breaking point surface. Probably, in this case break is initiated at or very near the filament surface and then transmitted from one fibrillar element to another, thus giving crack formation; finally, catastrophic failure occurs on the reduced cross section.
Conclusions
It is well known that the strain rate has a major effect on yarn tensile properties. Thanks to the new HSD, we were able to show that viscose filament yarn exhibit marked strain rate effects that may be seen in tenacity-extension behaviour, ultimate strength and the topography of the fractured surfaces. The trends of modulus, breaking tenacity, extension ant energy-to-rupture curves have demonstrated that viscose filament yarn is clearly sensitive to the increasing of strain rate. In fact, the results confirm that yarn tensile properties investigated are dependent on this parameter and revealed that increasing strain rate bring about usually higher values for all. The viscose filament yarn exhibits an increase in both tenacity and extension of about 20 % as the strain rate is increased over 3 decades (2.3 to 2300 %/s), whereas energy-to-rupture increases about 50 %. The initial modulus is the yarn property less affected by the increasing of the strain rate. Although viscose filaments show a characteristic granular fracture morphology, which suggests the separate failure of fibrillar units, the surface becomes less "granular" for high strain rates.
